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I .  The e f f e c t  o f  th r e e  form s o f  lim e and f iv e  d i f f e r e n t  
co m b in a tio n s  o f  f e r t i l i z e r s  on th e  chem ical co m p o sitio n  and th e  
p h y s ic a l  p r o p e r t ie s  o f to b acco  was s tu d ie d  in  f i e l d  p lo t  e x p e r i­
m en ts . The e f f e c t  o f  v a r io u s  n u t r i e n t  s a l t s  on th e  chem ical 
co m p o sitio n  and p h y s ic a l  p r o p e r t i e s  o f  to b acco  was a l s o  s tu d ie d  
in  sand c u l tu r e s  u s in g  some s o lu t io n s  o f  Type I  o f  th e  th r e e  s a l t  
s o lu t io n s  recommended by th e  B iv is io n  o f B iology and A g r ic u l tu r e ,  
N a tio n a l B esearch  C o u n c il.
I I .  In c re a s e d  y ie ld  of a i r - c u r e d  le a v e s  from  th e  f i e l d
i
p l o t s  was o b ta in e d  w herever d o lo m ite  lim e  was a p p l ie d  and a ls o  
where c o t to n  seed  m eal was a p p l ie d  a s  a  source  o f ammonia.
I I I .  In c re a s e d  y ie ld  o f  d ry  m a tte r  in  th e  sand c u l tu r e s
was alw ays o b ta in e d  from  s o lu t io n s  of h ig h  CatHOgJg c o n c e n tr a t io n ,  
w h ile  h ig h  c o n c e n tra t io n s  o f MgSQ  ̂ d ec re ased  th e  d ry  w e ig h ts .
17. The n ic o t in e  o o n te n t o f le a v e s  from  f i e l d  p lo t s  
in c re a s e d  w ith  th e  a p p l ic a t io n  o f  lim e , and a l s o  where th e  
so u rce  o f  ammonia was n i t r a t e  o f soda o r c o t to n  seed  m eal.
7 . N ic o tin e  c o n te n t o f p la n ts  was h ig h  w henever th e  p ro ­
p o r t io n  o f CafN0 g ) 2  was high* b u t n o t in  d i r e c t  r a t i o .  A h ig h
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p r o p o r t io n  o f  XHgPO^ a ls o  fa v o re d  n ic o t in e  s y n th e s is .
T I . The c h lo r in e  c o n te n t o f  th e  a s h  d e c re a se d  w ith  th e  a p p l i ­
c a t io n  o f l im e . A p p lic a tio n  o f m u ria te  o f  p o ta sh  in c re a s e d  th e  
c h lo r in e  c o n te n t o f a sh  ah o u t th r e e - f o ld  a s  compared w ith  th e  
p la n t s  grown on p l o t s  r e c e iv in g  p o ta sh  in  th e  s u lp h a te  form .
T i l .  A p p lic a tio n  o f lim e and c o t to n  seed  meal im proved th e  
c o lo r  o f ash* M u ria te  o f  p o ta sh  u sed  a s  a  f e r t i l i z e r  produced 
a  g re e n is h  a sh  w ith  h ig h  deg ree  o f f irm n e ss .
T i l l .  A h ig h  p ro p o r t io n  o f Ca(ftOglg in  sand c u l tu r e s  
d e c re a se d  th e  a sh  c o n te n t o f p la n t s  and a ls o  p roduced  a  w h ite  
and lo o se  a sh . Magnesium s u lp h a te  in c re a s e d  ash  c o n te n t and 
im proved firm ness*
IX. A la rg e  su p p ly  o f n i t r a t e  p roduced  rough le a v e s  o f a  
darfc c o lo r  and o f poor b u rn in g  q u a l i ty .
X. The p re sen ce  o f a v a i la b le  p o ta ss iu m  ap p ea rs  to  be 
e s s e n t i a l  to  good b u rn in g  q u a l i ty .  C h lo rin e  i s  d e tr im e n ta l  to  
a  good b tfta , b u t c h lo r in e  f r e e  le a v e s  d id  n o t alw ays p o sse ss  a 
good b u rn in g  q u a l i ty  e s p e c ia l ly  when th e  p la n ts  were grown in  
th e  p re sen ce  o f a  l i b e r a l  su p p ly  of n i t r a t e s .
X I. I t  i s  su g g es ted  t h a t  f u r th e r  s tu d ie s  o f  th e  co m p ara tiv e  
v a lu e  o f d o lo m ite  lim e and e a l c i t e  lim e on to b acco  shou ld  be 
made. C o tto n  seed  m eal m ight f in d  j u s t i f i c a t i o n  f o r  u se
a s  f e r t i l i z e r  f o r  to b acco  when a com bination  o f h ig h  y ie ld  and 
good q u a l i ty  a re  d e s i r e d .  Our r e s u l t s  co n firm  p re v io u s  p r e v a i l in g  
o p in io n  t h a t  g iu r ia te  o f p o ta sh  i s  n o t . d e s i r a b le  a s  a  so u rce  o f
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p o ta ss iu m  f o r  to b a c c o .
X II . Ho one p a r t i c u l a r  sand  c u l tu r e  s o lu t io n  co u ld  
be s e le c te d  to  in d ic a te  a  f e r t i l i z e r  fo rm u la  f o r  to b a c c o , s in c e  
none o f  th e  s o lu t io n s  s tu d ie d  su p p o rte d  th e  p la n t  to  m a tu r i ty .
XITTBODUCTIOir 6
to b a c c o  i s  an  e x h a u s tin g  crop  and l i b e r a l  a p p l ic a t io n s  
o f  com m ercial f e r t i l i z e r s  a re  n e c e s s a ry . In  a p p ly in g  f e r t i ­
l i z e r s  to  to b a c c o , th e  s e l e c t io n  o f  form  and amount o f  p la n t  
food  a s  w e ll a s  t h e i r  r e l a t i o n s  to  th e  s o i l  r e a c t io n  h as to  be 
c o n s id e re d , so t h a t  n o t o n ly  th e r e  w i l l  be an  in c re a s e  in  
y ie ld  bu t a l s o  an  improvem ent in  q u a l i ty .  Numerous s tu d ie s  
o f  th e  e f f e c t  o f  f e r t i l i z e r s  on th e  chem ical co m p o sitio n  
and p h y s ic a l  p r o p e r t i e s  o f to b acco  have been made and s e v e ra l  
f a c t o r s  have been w e ll e s ta b l i s h e d ,  n e v e r th e le s s ,  th e  more we 
s tu d y , th e  more co m p lica ted  i s  th e  problem  s in c e  th e  v a r i a ­
t i o n  o f  f e r t i l i z e r  co m b in a tio n s, s o i l  c o n d it io n s  and to b acco  
ty p e s  a re  o f  a co m p lica ted  n a tu r e .  I t  has been re p o r te d  t h a t  
d o lo m itic  lim e can  be used  to  p re v e n t " Sand-3) r  own", a  c h lo r o s i s  
caused  by magnesium d e f ic ie n c y ,  f h i s  makes i t  e v id e n t t h a t  
magnesium from d o lo m ite  lim e se rv e s  a s  p la n t  fo o d , f h e r e f o r e ,  
i t  was th o u g h t t h a t  a  com parative  s tu d y  o f s e v e ra l  d i f f e r e n t  
form s o f lim e v a ry in g  in  t h e i r  r a t i o  o f ca lc iu m  to  magnesium on 
to b acco  would be o f  bo th  p r a c t i c a l  and s c i e n t i f i c  i n t e r e s t .
Methods p e r f e c te d  by means o f  r e s e a rc h e s  on s a l t  r e q u i r e ­
m ents o f p la n ts  h as  su g g e s ted  a  new method o f a t t a c k  on th e  
problem  o f th e  e f f e c t  o f  p la n t  food in g r e d ie n ts  on th e  chem ical 
co m p o sitio n  and p h y s ic a l  p r o p e r t i e s  o f  to b a c c o . G arner (s) w e ll 
say s t h a t  th e r e  a r e  two m ethods of a t ta c k in g  th e  problem  o f th e  
r e l a t i o n  o f  th e  co m p o sitio n  to  th e  bu rn , one o f w hich may be 
c a l l e d  th e  a n a ly t i c a l  and th e  o th e r ,  th e  s y n th e t i c a l .  I n v e s t i ­
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g a t io n s  on t h i s  s u b je c t  m o stly , i f  n o t a l l  to g e th e r  have f a l l e n  
u n d e r th e  head o f th e  a n a l y t i c a l  m ethod, which c o n s i s t s  s im p ly  
in  m aking co m parative  a n a ly s e s  o f  sam ples o f to b acco  h av in g  
good and poor b u rn in g  q u a l i t i e s  and a t te m p tin g  to  t r a c e  th e  
r e l a t i o n  betw een th e  d i f f e r e n c e s  in  co m p o sitio n  and th e  good 
and bad b u rn in g  q u a l i t i e s *  In  s o lu t io n  and sand c u l tu r e s ,  we 
have p la n ts  grown u n d er c o n t ro l le d  e x te r n a l  c o n d i t io n s  and r e ­
g u la te d  p la n t  food  supply* Thus we may c o n s id e r  th e  p r o p e r t ie s  
o f  th e s e  p la n t s  a s  s y n th e t i c a l ,  by w hich i s  meant t h a t  in s te a d  
o f  f ix in g  th e  bu rn  f i r s t  and t r a c e  back to  th e  chem ical com­
p o s i t io n ,  we f i x  a p p ro x im a te ly  th e  chem ical co m p o sitio n  and 
t r a c e  ou t th e  b u rn in g  q u a l i t i e s *  In  an  a tte m p t to  f in d  th e  
p o s s i b i l i t y  o f a s y n th e t ic  method o f a t t a c k  on th e  r e l a t i o n  
o f  chem ical co m p o sitio n  and p h y s ic a l  p r o p e r t i e s ,  sand c u l tu r e s ,  
w ith  s e v e ra l  s o lu t io n s  o f  Type I ,  a s  o u t l in e d  by th e  D iv is io n  




The e f f e c t  o f  lim e  on th e  s o i l  h as  been s tu d ie d  e x te n s iv e ly  
and in  g e n e ra l  when a p p l ie d  in  e o r r e e t  am ounts and a t  c o r r e c t  
i n t e r v a l s ,  i t  im proves th e  p h y s ic a l ,  b io lo g ic a l ,  and chem ical 
p r o p e r t i e s  o f  th e  s o i l ,  and in c re a s e s  i t s  p ro d u c in g  pow er. 
A p p lic a t io n  o f  lim e to  to b acco  has been found to  in c re a s e  th e  
y ie ld  in  many c a s e s .  As th e  r e s u l t s  o f lim e s tu d ie s  in  th e  
f lu e - c u r e d  d i s t r i c t  Mathewson (18} r e p o r t s  an  in c re a s e  in  
p ro d u c tio n  b o th  on good and on poor s o i l s .  F le tc h e r  ( 6  ) 
s tu d ie d  th e  e f f e c t  o f  lim e on many d i f f e r e n t  v a r i t i e s  o f  
to b acco  in  V irg in ia  and re p o r te d  an  in c re a s e  in  p ro d u c tio n .
In  some e a se s  th e  in c re a s e  was n e a r ly  f i f t y  p e r c e n t .  Anderson 
( 1  } has r e p o r te d  a s tu d y  made in  th e  f lu e - c u r e d  d i s t r i c t  w ith  
th e  d a rk  to b a c co , in  which th e  u se  of lim e n o t on ly  in c re a s e d  
th e  y ie ld  on a l l  th e  p lo t s  bu t a l s o  in c re a s e d  th e  v a lu e  o f 
to b a c c o .
However, to b acco  i s  m arketed  n o t on ly  f o r  i t s  b u lk i ­
n e s s ,  b u t a ls o  f o r  i t s  q u a l i ty ,  th e r e fo r e  q u a l i ty  i s  e q u a lly  
a s  im p o rta n t a s  p ro d u c tio n . The e f f e c t  o f  lim e on th e  q u a l i ty  
o f  to b acco  h as  been th e  s u b je c t  o f  c o n tro v e rsy  and sh o u ld  be 
g iv en  c a r e fu l  s tu d y . Mathewson (18) r e p o r ts  t h a t  th e  d i r e c t  
a p p l ic a t io n  of lim e to  tobacco  may be somewhat in ju r io u s  to  th e  
q u a l i ty  of th e  p la n t  by h a s te n in g  th e  decay o f th e  v e g e ta b le  
m a tte r  in  th e  s o i l  th u s  in c re a s in g  th e  ammonia su p p ly , and
th e re b y  p ro d u c in g  a  d ark  and co a rse  tobacco* On some poor
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8 0 l la ,  how ever, lim e m ight produce bo th  a  l a r g e r  y ie ld  and 
b e t t e r  q u a l i ty  because o f  th e  in c re a s e  o f food  su p p ly  re n d e re d  
a v a i l a b l e .  F le tc h e r  ( 6  ) r e p o r te d  t h a t  when lim e  was u sed  on 
h e a v i ly  f e r t i l i z e d  to b acco  i t  ap p eared  to  have th e  ten d en cy  
to  make th e  le a v e s  and p la n t  r a t h e r  c o a rs e .  The q u e s t io n  seems 
to  be concerned  w ith  th e  p ro p e r  r e g u la t io n  o f p la n t  food 
su p p ly  r a t h e r  th a n  an argum ent a g a in s t  a d i r e c t  a p p l ic a t io n  o f  
lim e to  to b a c c o . Q arner ( 7 ) , in  a  s tu d y  o f th e  w sa n d -d r  own11, 
a c h lo ro s is  o f  to b acco  cau sed  by a  d e f ic ie n c y  o f magnesium, has 
found t h a t  i t  can be c o n t ro l le d  by th e  a p p l ic a t io n  o f  d o lo m ite  
l im e . Magnesium d e f ic ie n c y  n o t on ly  e f f e c t s  th e  w eigh t o f  th e  
p la n t ,  b u t a ls o  th e  q u a l i ty ,  c o lo r ,  and e l a s t i c i t y .  Thus in  
some c a se s  th e  use o f  d o lo m itic  lim e may be n e c e s s a ry  in  o rd e r  
to  se c u re  good q u a l i ty .
In  view  of th e  f a c t  t h a t  in  most o ases  a p p l ic a t io n s  o f 
lim e  have in c re a s e d  th e  y ie ld  o f to b acco  and t h a t  th e  i n j u r ­
io u s  e f f e c t  may be p rev en ted  by r e g u la t in g  th e  p la n t  food 
su p p ly , a  s tu d y  o f th e  k in d  o f lim e and r a t e  o f a p p l ic a t io n  
when in c o rp o ra te d  w ith  a  p ro p e r  amount and s u i t a b l e  k in d  o f 
f e r t i l i z e r  in g r e d ie n ts  may be o f  some p r a c t i c a l  v a lu e  to  th e  
form er*
F ie ld  ex p erim en ts  co n ce rn in g  f e r t i l i z e r  req u irem e n ts  o f 
to b acco  do n o t g iv e  c o n c lu s iv e  r e s u l t s  a s  th e r e  a re  a  g r e a t  
v a r i e t y  o f f a c to r s  in v o lv e d . A s tu d y  ih  which a l l  o th e r  f a c to r s  
a r e  e l im in a te d , o r  a t  l e a s t  c o n t ro l le d ,  ex c ep t th e  v a r i a t i o n
o f  th e  amount and k in d  o f  p la n t  food  was th o u g h t to  be o f 
i n t e r e s t  to  d e term ine  b o th  the  y ie ld  and th e  q u a l i ty  o f  to b acco  
a s  in f lu e n c e d  by such v a r i a t i o n s .
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S o lu tio n  c u l tu r e s  have been u sed  q u i te  e x te n s iv e ly  f o r  
th e  d e te rm in a t io n  o f d i f f e r e n t  com bina tions and c o n c e n tr a t io n s  
Of e lem en ts  f o r  th e  b e s t  grow th o f p la n t s .  The one w hich i s  
m ost g e n e ra l ly  used  i s  t h a t  o f  Khop (14) which c o n ta in s  0 . 1  
p e r  c e n t G a(E0g)g, 0 .025  p e r  c e n t KNOg, 0 .025  p e r  c e n t 
0 .025  o r  0 .0125 p e r  c e n t MgS04  and a sm a ll q u a n t i ty  o f FeP04 . 
Shive (25) s im p l i f ie d  S h o p 's  s o lu t io n  by e l im in a t in g  p o ta ss iu m  
n i t r a t e ,  th u s  making a s o lu t io n  c o n ta in in g  o n ly  th r e e  s a l t s ,  
nam ely, m ono-potassium  p h o sp h a te , ca lc iu m  n i t r a t e * and magnesium 
s u lp h a te ,  w ith  a t r a c e  o f  i r o n .  These th r e e  s a l t s  supp ly  th e  
io n s :  E, Ca, Mg, P04 , EOg, and 30^, w hich, w ith  a  t r a c e  o f  i ro n ,  
form  th e  e s s e n t i a l  p la n t  food  e lem en ts , ex cep t th o se  o b ta in e d  
from  w a te r  and th e  a tm osphere , B iv in g s to n  (16) and T o tt in g -  
ham (16) su g g ested  s ix  p o s s ib le  ty p e s  o f  s o lu t io n s ,  a l l  c o n ta in ­
in g  th e  same s ix  io n s  b u t d e r iv e d  from  d i f f e r e n t  compounds as 
shown by th e  fo llo w in g  t a b l e .  These developm ents, to g e th e r  w ith  
th e  sand  c u l tu r e  m ethods of McCall (21) l a i d  a  b a s is  f o r  a
I  I I  I I I  IV V VI
Ca(M)g) 2  Ca(HOs )a CafHgPO^g O afH gK^Ig CaS04  . CaS0A
s y s te m a tic  and un ifo rm  r e s e a rc h  of p la n t  n u t r i t i o n .  The 
su b seq u en t p la n  fo rm u la ted  by th e  D iv is io n  o f B iology and 
A g r ic u l tu r e ,  o f  th e  N a tio n a l B eseareh  C ouncil (15) i s  th e  one 
upon w hich th e  p re s e n t  work i s  b ased .
Mg(HS3 ) 2  Mg(fi2 P04 ) 2  MgfHO3 )2 
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Chemical co m p o sit io n  has  been  shown to  r e f l e c t  d i r e c t l y  
th e  b u rn in g  q u a l i t y  and aroma o f  to b a c c o .  The e a r l i e r  works 
o f  N e s s le r  ( 2 2 ) ,  Mayer ( 1 9 ) ,  B a r th  ( 2 ) ,  P a t t e r s o n  (23) 
and th e  more r e c e n t  work o f  Garner ( 8 ) ,  have shown t h a t  
a  h ig h  c o n te n t  o f  p o ta s h  improves th e  b u rn in g  q u a l i t y ,  w h ile  
h ig h  c o n te n t  o f  c h lo r in e  works i n  th e  o p p o s i te  d i r e c t i o n .
High c o n te n t  o f  p h o sp h o r ic  a c id  has  been shown to  be i n j u r ­
io u s  to  b u rn in g  q u a l i t y ,  w h ile  h ig h  c o n te n t  o f  s u lp h a te  i s  e i t h e r  
b e n e f i c i a l  o r  e x e r t s  l i t t l e  e f f e c t .
C oncerning  aroma, many have a t t r i b u t e d  t h i s  q u a l i t y  to  
n i c o t i n e  c o n te n t .  Thus Pasca and Imai (5) s t a t e d  t h a t  tobacco 
sh o u ld  c o n ta in  a c e r t a i n  p e r  c e n t .  o f  n i c o t i n e .  The most 
f a v o r a b le  q u a n t i t y ,  however, was n o t  d e te rm in e d .  The work o f  
Garner (10) i n d i c a t e s  t h a t  i t  i s  r a t h e r  th e  q u a l i t y  o f  h i c o t i n e  
th a n  th e  q u a n t i t y  t h a t  d e te rm in es  th e  aroma. Thus he s t a t e s  
t h a t  f i n e  tobacco  c o n ta in s  o n ly  m oderate  amounts o f  n i c o t i n e  
and aroma i s  due to  i t s  decomposing p ro d u c ts  d u r in g  th e  
f e r m e n ta t io n  p r o c e s s .
The q u a n t i t y  o f  n i c o t in e  has beenjpound to  v a ry  under  
d i f f e r e n t  chem ical and p h y s ic a l  i n f lu e n c e s .  Garner (10) 
conc ludes t h a t  v e ry  r i c h  heavy s o i l s  and e x c e s s iv e  q u a n t i t y  
o f  n i t ro g e n o u s  f e r t i l i z e r s  which te n d  to  p roduce a co a rse  
ran k  grow th p roduce  a h ig h  p e rc e n ta g e  o f  n i c o t i n e .  Mayer (20) 
f in d s  t h a t  th e  n i c o t i n e  c o n te n t  o f  tobacco in c r e a s e s  w ith  
th e  i n c r e a s e  o f  l i g h t  and te m p e ra tu re .  These v a r i a t i o n s  
in d u ced  Garner (10) to  conclude t h a t  th e  r e l a t i v e  im portance
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o f  any one f a c t o r  in  i t s  e f f e c t  to  p ro d u c tio n  o f  n ic o t in e  
can  be d e te rm in ed  o n ly  by ex p erim en ts  so p lan n ed  and conducted  
a s  to  exc lude  o r  a t  l e a s t  to  c o n t r o l ,  th e  e f f e c t  o f a l l  o th e rs*
In  th e  ex p e rim en ts  r e p o r te d ,  i t  i s  aimed to  s tu d y  th e  
in f lu e n c e  o f d i f f e r e n t  com bina tions o f  f e r t i l i z e r s  w ith  and 
w ith o u t lim e on th e  n ic o t in e  c o n te n ts  o f  to b acco  in  th e  f i e l d  
and a ls o  on th e  e f f e c t  o f  c e r t a in  p la n t  food  e lem en ts  on th e  
n ic o t in e  c o n te n t o f  to b acco  grown in  sand c u l tu r e s  w ith  e x te r n a l  
f a c t o r s  c o n tro lle d *  She c h lo r in e  c o n te n t o f to b acco  h as been 
re p o r te d  to  in c re a s e  when c h lo r id e  s a l t s  a re  ap p lied *  L i t t l e  
s tu d y , however, h as  been made on th e  e f f e c t  o f o th e r  p la n t  
food  e lem en ts  and lim e on th e  c h lo r in e  c o n te n t o f tobacco* With 
th e  same sam ples c o l le c te d  f o r  n ic o t in e  a n a ly s e s , c h lo r in e  
c o n te n t o f  a sh  were d e te rm in ed  f o r  th e  pu rpose o f th row ing  
some l i g h t  on th e  a v a i l a b i l i t y  o f c h lo r in e  w ith  r e s p e c t  to  
d i f f e r e n t  s o i l  t r e a tm e n ts .
B esides making chem ical a n a ly s e s  of n ic o t in e  and c h lo r in e ,  
p h y s ic a l  p r o p e r t i e s  were s tu d ied *  The only  q u a n t i t a t iv e  s tu d y  
on th e  p h y s ic a l p r o p e r t i e s  made was th e  p e rc e n ta g e  o f a s h .
Due to  th e  la c k  o f s u f f i c i e n t  sam ples as  w e ll a s  th e  la c k  
o f  methods and a p p a ra tu s , th e  o th e r  s tu d ie s  o f  p h y s ic a l  p ro ­




Method o f E x p e rim e n ta tio n .
F ie ld  t e s t s  on th e  r a t e  of a p p l ic a t io n  o f d i f f e r e n t  form s 
o f lim e to  td h aeo o 9 when a p p l ie d  to  a s l i g h t l y  a c id  so il.* ?
f i e l d  p l o t s  were lo c a te d  on a  f i e l d  o f Leonardtow n loam 
a t  l a  P la t a ,  M aryland. The s o i l  i s  r i c h  and th e  lim e r e q u i r e ­
ment a c c o rd in g  to  th e  Y e iteh  (29) t e s t  was on ly  abou t a to n  
to  th e  a o re .  One a c re  o f th e  la n d  was s e le c te d  and d iv id e d  in to  
te n  p a r t s .  Each o f th e  te n  p lo t s  re c e iv e d  d i f f e r e n t  f e r t i ­
l i z e r  t r e a tm e n ts .  The te n th  a c re  p lo t s  were su b d iv id ed  in to  f o u r  
p lo t s  th u s  mahing f o r ty  p lo t s  to  th e  a c re .  Eaeh f o r t e i t h  a c re  
p lo t  re c e iv e d  a d i f f e r e n t  lim e tr e a tm e n t .  The th r e e  form s o f 
lim e used  were ground lim e s to n e , whose chem ical co m p o sitio n  
v a r ie d  w ith  r e s p e c t  to  th e  r a t i o  o f CaO to  MgO. lim e was sp read  
b ro a d c a s t and harrow ed u n d er, f iv e  d i f f e r e n t  f e r t i l i z e r  com­
b in a t io n s ,  a l l  hav ing  th e  form ula 6 -8 -4  bu t v a ry in g  in  th e  
so u rce s  of in d iv id u a l  in g re d ie n t  were a p p l ie d ,  b ro a d c a s t a t  th e  
r a t e  o f  800 pounds to  th e  a c r e .  Table I I I  g iv e s  th e  v a r io u s  
t r e a tm e n ts .
S e e d lin g s  o f th e  M aryland Broad L eaf type  o f tobacco  
were secu red  from  a com m ercial p la n t  bed fo r  u se  in  th e se  p l o t s .  
T h is ty p e  o f  to b acco  i s  p re fe re d  because i t  i s  commonly recommend­
ed f o r  M aryland c o n d itio n s  owing to  i t s  wide and la rg e  le a v e s  
o f l e s s  body w ith  a  tendency  tow ards l i g h t e r  c o lo r  and p o s s e s s ­
in g  good b u rn in g  q u a l i ty  ( 9 )•
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T a h li  I .  F e r t i l i z e r  and Lime T rea tm en ts  o f  th e  F ie ld  P lo ts
La P l a t a  F ie ld *
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F e r t i l iz e r  treatments 






















o f th e  M g d e r iv e d  1500# CaCOg (ground  lim e s to n e )
from  la lO g  and 50$ from  * CaCOg MgCOg (1 0 :1 )
( 1 3 4 ) 2 8 0 4 ; PgOg from  a o id  9 CaCQg MgCOg (2 :1 )
phospha te  and IgO from  K2 SO4 . lo  Lime
d e r iv e d  from  ( 1 3 4 ) 2 8 0 4 *
PgOg from a c id  phosphate* 
and £gO from  m u ria te  o f  
po tash*
IH3  d e r iv e d  from  lalO g*
PgOg from  ao id  phosphate* 
and KgO from  su lp h a te  o f 
p o ta s h .
M g d e r iv e d  from  (!H 4 )gS0 4 *
PgOs from  a o id  p h o sp h a te , 
and IgO from  s u lp h a te  o f  
p o ta sh .
50$ M 3  d e r iv e d  from  f 1TI%) p 
(M 4 ) 2 S0 4  and 50$ from  o o tto n  w 9
seed  meal* PgOg from a c id  p h o s- 9 9 0^
CaCOg (g round  lim e s to n e )  
* CaCOg MgCGg (1 0 : 1)
9 CaCOg MgCOg (2 :1 )
lo  Lime
Same a s  Ax u n d er I .
" " P i w I .
w * d  " I .  
lo  Lime
Same a s  Ag u n d er I I .
" B? » II.
II.n if Q g  w
l o  Lime
Same a s  Ax u n d er I.
" I. 
" I.
ph ate*and  KgO from  KgS0 4  
Repeat I.
l o  Lime.







l o  Lime.
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(T ab le  I  co n tin u ed )
T i l  A-̂  H epeat I I
h .
Che Ok 




IX Ax H epeat IT .
®L
Check




Same as  A  ̂ under
If 1» ^  w






Same a s  Ag u n d er I I .
I I .
I I .




Same a s  A  ̂ u n d er
»i if ^  r»





Same as  Ag u n d er I I .
I I .
I I .
H U  T* it
"  "  C g
Bo Lime.
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Presentation o f R esu lts,
Y ie ld  -  W eights o b ta in ed  from  f i e l d  p lo t s  -re p re se n t th e  
w e ig h ts  i n  pounds o f a i r - c u r e d  le a v e s .  S ab le  I I  g iv e s  th e  
v a r io u s  w eights#
Chem ical C om position and P h y s ic a l P r o p e r t i e s  -  n ic o t in e  
c o n te n t o f  to b acco  was d e te rm in ed  by th e  K is s l in g  method (1 3 ) . 
P e rc en tag e  o f  a sh  (24) and c h lo r in e  (30) c o n te n t o f a sh  was 
d e te rm in ed  by th e  o f f i c i a l  method of A.Q.A.C. f a b le  I I I  g iv e s  
th e  r e s u l t s  o f  th e  v a r io u s  d e te rm in a tio n s  and q u a l i t a t i v e  
s tu d ie s  o fe th e  p la n t  a sh .
D iscussion.
A pparent C o n d itio n  o f  P la n ts  -  L i t t l e  d i f f e r e n c e  i n  th e  
c o n d i t io n  o f  p la n t s  in  th e  f i e l d  p lo t s  was a p p a re n t.  Lime 
tr e a tm e n t showed p r a c t i c a l l y  ho v i s i b l e  d i f f e r e n c e ,  f e r t i ­
l i z e r  t r e a tm e n ts  showed th a t  in  p lo t s  V and X where c o t to n  seed  
meal was ap p lied *  grow th was more v ig o ro u s  and le a v e s  were 
smooth and th in .  In  p lo t s  I  and VI where a l l  o f  th e  n i t r o g e n  
was a p p l ie d  in  th e  form  o f  n i t r a t e  o f  soda, th e  le a v e s  were 
d a rk  in  c o lo r  and c o a rs e  i n  t e x tu r e .
Y ie ld  -  fhe  y ie ld  o f  a l l  o f  th e  f i e l d  p lo t s  was low  due to  
th e  f a c t  t h a t  th e  wet sp r in g  o f  19 2d d e lay ed  th e  p la n t in g  and 
th e  d ry  summer fo llo w in g  checked th e  grow th so th a t  when h a r -
17
f a b le  I I ,  The E f f e c t  o f  Lime and F e r t i l i z e r  T rea tm en ts
in  th e  Y ie ld  o f  Tobacco, 
l a  F l a t s  F ie ld ,
F l o t  Y ie ld  in  l b s ,  C orrespond ing  to  In c re a s e  o r  d e c re a se
Eo, p e r  p l o t ,  y ie ld  in  lb s  p e r  a c re  o y er c h e c k ,p e r  a c re
I  Al 1 1 * 6 6 466. -4«
h 1 3 .00 520*^ 50
di 1 2 ,25 490 2 0
Chech 11,75 470
I I  Ag 1 0 .50 420 -150
1 1 , 0 0 440 -130
Cg 1 3 .0 0 520 -  40
Check 1 4 .0 0 560
I I I  AI 13 .75 550 180
• l 13 .75 550 180
eI 13 ,25 530 160
Cheek 9 .25 370
IV Ag 9 .75 390 -130
Bg 8 .5 0 340 -180
c 2 1 3 .00 3520 0
Check 1 3 .00 520
V &l 1 3 .0 0 520 -  60
Bl 17 .25 690 1 1 0
17 .00 680 1 0 0
Check 14 .50 580
VI Ag 19 .75 470 1 1 0
B2 1 7 .5 0 700 450 .
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(fa b le  I I  oontiaued)
« 8 i l . 5 o 46Q " ' ICO"
Che ok 9 .0 0 360
V II A1 1 4 .5 0 580 180
Bi 1 4 . 25 570 170
Gl 1 0 .7 5 430 30
Cheek. 1 0 . 0 0 400
V III  Ag IB . 75 510 -  1 0
Bg 1 0 .25 410 - 1 1 0
C2 1 5 .00 520 0
Che ok 1 3 .0 0 520
IX Ai 1 4 .0 0 560 *280
®1 16 .25 650 -190
Cl 14 .50 580 -260
Cheek 2 1 . 0 0 840
x  a 2 21.75 870 150
B2
22 .25 890 170
Og 21.25 850 130
Cheek 1 8 .00 680
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v e s te d  th e  p la n t s  were somewhat immature#
In  com paring th e  d i f f e r e n t  form s o f lim e we f in d  in  
T ab le  IV t h a t  th e  h ig h e s t  y i e ld  was o b ta in e d  from p lo t s  
r e c e iv in g  do lo m ite  lim e whose ra t io ]  o f  CaO:MgO was 1 0 : 1 . The 
n e x t h ig h e s t  y i e ld  was o b ta in e d  from  p l o t s  to  which was a p p lie d  
d o lo m itic  lim e whose r a t i o  o f CaO:MgO was 2:1# Calcium  ca rb o n a te  
tre a tm e n t gave a  y i e ld  a l i t t l e  low er th a n  th a t  o f  check#
S ince th e  a p p l ic a t io n s  were low and th e  d i f f e r e n c e  o f y ie ld  was 
sm a ll, th e  f a v o ra b le  e f f e c t  o f  do lo m ite  o v er c a l c i t e  lim e was 
n o t c o n c lu s iv e  b u t su g g e s ts  a  f i e l d  f o r  f u r t h e r  study#
Table V shows th a t  when th e  y ie ld  of th e  d i f f e r e n t  f e r t i ­
l i z e r  t r e a tm e n ts  a re  compared, l i t t l e  d i f f e r e n c e  can be found 
when th e  p la n t  in g r e d ie n ts  were a l l  in o rg a n ic , bu t where th e  
c o t to n  seed  meal was s u b s t i tu te d  f o r  50$ of th e  t o t a l  n i t r o g e n  
th e  y ie ld  was abou t 30$ h igher#  C o tton  seed  meal u s u a l ly  con­
t a in s  ab o u t 6 $  o f magnesium, however, no in d ic a t io n s  cou ld  be 
found to  accoun t f o r  th e  in c re a s e  in  y ie ld  a s  due to  th e  
magnesium con ten t#
Chemical C om position  and P h y s ic a l  P ro p e r t ie s # -  Prom a 
s tu d y  o f Table I I I  we f in d  t h a t  a  s l i g h t  v a r i a t i o n  o f n ic o t in e  
c o n te n t due to  f e r t i l i z e r  tre a tm e n ts  was o b ta in e d . While 
n i t r a t e  o f  soda and c o tto n  seed  meal p lo t s  p roduced  a h ig h e r  
p e rc e n ta g e  o f  n ic o t in e ,  th e  o th e r  t r e a tm e n ts  d id  n o t seem to  
show any d i f f e r e n c e .
lim e  tr e a tm e n ts  d e c id e d ly  in c re a s e d  th e  n ic o t in e  c o n te n t
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f a b le  IV The E f f e c t  o f lim e  tr e a tm e n ts  on th e  Y ie ld  o f  foh aceo
l a  P l a t a  F ie ld  t e s t s ,  1934
Plot
So.
lim e tr e a tm e n ts Weight o f  
to b acco  in  
lb s*  P e r  
Acre
Average 
f o r  each  
foim  of 
lim e
tre a tm e n t
In c re a s e  o; 
d e c re a se  
o v e r check 
p e r. a c re
A1 1500# CaCOg (Ground lim e s to n e ) 642.1
A2 1000# CaCOg » » 665 .0 653 .5 -11*5
h 1500# CaCOg Mgeog d o  s i ) 745.0
B2 1000# *
it n 695 .0 720.0 5 5 .0
S i 1500# CaCOg MgCOg (2 :1 ) 677.5
c 2 1000# * It » 717.5 687.5 2 2 .5
Check Ho lim e 665 .0 665.0
z z
Tafcle V. The E f f e c t  o f  F e r t i l i z e r  t r e a tm e n ts  on th e
f i e l d  o f  Teifeaceo.
La P la t a  F ie ld  t e s t s  1924.
P lo t
JJQ.
W eight o f
F e r t i l i z e r  T re a tm en ts . Tobacco in  l b s .  
(800# 6 -8 -4  p e r  a c re )  p e r  a c re .
Average f o r  




50$ m s  from  d& 4 ) 2 S0 4  60$ 
from  NaNQ^. PgOg from  A cid 
P hosphate and Zo0 from  ZqSQa*
596.6
4 9 7 .5 546.9
I I . M g from  (UH^lgSO^jPgOg from  Acid 4 8 5 .0
T i l . P hosphate ; EgO from  £01. 495 .0 4 9 0 .0
I I I . M g from  laHOg; FgOg from  A cid 5 0 0 .0
V II I . P h o sp h a te ; Eg0 from  % S04 . 4 9 0 .Q 450 .0
IV. M 3  from  ( gSÔ . 5 PgQg from  Acid 442 .5
P h o sp h ate ; Xg0 from  K2 SO4 652 .5 547 .5
V. 50$ EHg from  HaEOg; & 50$ from 617.5
t . G otton  Seed M eal; PgOg from  A cid 
P hosphate ; and K2 O from  K9 SG4 .
832 .5 725.0
zz
T ahle I I I*  E f f e c t  o f  Lime and F e r t i l i z e r  T rea tm en ts  on th e  
E ic o t in e  and C h lo rin e  C on ten t and th e  Ash o f Leaves*
La P la t a  F ie ld .
P lo t  P e rc e n ta g e  P e rce n ta g e  P e rc e n ta g e  C olor o f Ash C h a ra c te r  o f  Ash 
ffo. o f  JT ico tin e  o f  G hlorS o f  a sh  o f
  o f  L eaves in e  o f a sh  Leaves ____________________ ___________
I  a 2 .755 0 .334 18 .22 W hite Firm
b 2.779 0 .223 20 .48 W hitish g reen  w
b 2 .486 0 .356 2 2 . 6 8 »t H If
Chech 2.749 0 .343 21.67 G reenish  g ray  n
I I  a 2 .368 1 .190 21.45 if " Very f irm
1 2.355 1 .290 20.77 w it if ii
c 3 .355 1 .018 21 .74 n i» it it
Check 2.536 1 .297 20.54 Gray i» ft
I I I  a 2 .725 0 . 8 8 6 20.05 W hite F lak y , lo o se
b 2 .905 0 .323 17 .64 t» i* «
0 2.345 0 .306 18 .11 H H n
Check 2 .400 0 .238 19 .46 W h itish g ray  ” it
IT a 2.369 0 . 2 0 2 18 .27 IV ” F lak y , f irm
h 2.907 0 .181 18 .33 u H If 19
0 2.351 0 .119 21 .73 f» If « If
G&eck 2.075 0*207 18 .08 Gray If If
T a 2 .303 0.319 19 .19 White 19 If
b 2.677 0 .318 21.08 it ft ft
c 2.729 0 .266 20.39 H If II
Check 2 .146 0 .340 19 .12 *i n If
(T ab le  I I I  co n tin u ed )
i  —  n  i ■ ■—  i—i'^—     — ' ■ .i
VI a 3 .087 0 .264 19 .05 White F lak y , lo o se
b 3 .436 0 .322 19 .85 tf ft »
c 3 .096 0 .311 18.63 w » it
Cheek 1 .819 0 .673 21.43 W hitish g ray it tt
V II  a 2 .782 0 .986 17 .16 » brown Firm
b 3 .1 6 4 0 .9 4 0 20.83 » n it
6 2.301 0 . 8 8 6 14 .76 it it
Cheek 2 .254 1 .312 1 4 .42 it it it
V II I  a 2 .524 0 .263 1 6 .8 2 Cray F laky , lo o se
b 2 .590 0 .267 15 .96 it tf Tf
e 2 .241 0 .257 16 .72 it tv ft
Cheek 1 .998 0 .403 1 6 .80 W hitish g ray if If
IX a 2.598 0 * 1 0 0 17.15 w n F laky , f irm
b 2.451 0 .103 18.09 it n it it
e 4 .096 0 .1 9 4 17.66 n it t» tt
Cheek 2.613 0 .144 17.30 W h itish , brown w n
X a 2.988 0.419 17 .37 White it it
b 3 .456 0.267 16 .97 it if ft
0 2.951 0 .213 15 .68 « « tf
Check 2.304 0 .323 17.21 » it Tf
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e s p e c i a l ly  when d o lo m itic  lim e was ap p lied *  Of th e  two d o lo m itic  
lim es*  th e  one w ith  a  r a t i o  o f CaOsMgO a s  10 :1  p roduced  a  h ig h e r  
p e rc e n ta g e  Of n i c o t in e .  The d i f f e r e n c e ,  how ever, was o n ly  i n d i ­
c a t i v e .
W ith few e x c e p tio n s  lim e tre a tm e n t h as  d e c re a se d  c h lo r in e  
c o n te n t .  I t  i s  i n t e r e s t i n g  to  n o te  a ls o  t h a t  a s  th e  p e r c e n t­
age o f UgO in  th e  lim e in c re a s e d , th e  c h lo r in e  c o n te n t o f  th e  
p la n t  d e c re a se d .
F e r t i l i z e r  t r e a tm e n ts  in f lu e n c e d  d e c id e d ly  th e  c h lo r in e  
c o n te n t o f  to b a c c o . By s u b s t i t u t i n g  m u ria te  of p o ta sh  f o r  
s u lp h a te  o f  p o ta sh , th e  c h lo r in e  co n ten t o f  a s h  in c re a s e d  th r e e  
t im e s . In  tr e a tm e n ts  where th e  source  o f  n i t r o g e n  was from 
s u lp h a te  o f  ammonia and p o ta ss iu m  was from p o ta ss iu m  s u lp h a te , 
th e  c h lo r in e  c o n te n t showed a s l i g h t  d ec re a se  o v er th e  o th e r  
t r e a tm e n ts .
D if f e r e n t  form s o f lim e and f e r t i l i z e r s  f a i l e d  to  show 
any e f f e c t  upon th e  t o t a l  p e rce n tag e  o f ash  in  th e  le a v e s .  The 
c o lo r  and c h a ra c te r  o f  ash , however, were d eterm ined  l a r g e ly  
by th e  su p p ly  o f  lim e and by c e r t a in  form s o f  f e r t i l i z e r s .  Wher­
e v e r  lim e was n o t a p p l ie d , th e  ash  was d a rk e r  th a n  where lim e 
was u se d . No d i f f e r e n c e ,  however, could  be d is t in g u is h e d  
betw een th e  e f f e c t  o f  th e  th r e e  form s o f l im e s , M u ria te  o f p o ta sh  
gave a  f irm  and g re e n ish  a s h .
The te x tu r e ,  c o lo r ,  and burn o f  th e  le a v e s  were s tu d ie d  
by a  p r a c t i c a l  to b acco  ju d g e . Lime f a i l e d  to  e x e r t  any e f f e c t
on th e  th r e e  above m entioned  p ro p e r t ie s *  M u ria te  o f  p o ta sh  
was d e t r im e n ta l  to  th e  b u rn in g  q u a l i ty .  N i t r a te  o f  soda p ro ­
duced a  darfc l e a f  w ith  heavy v e in s .  I t  i s  e s tim a te d  t h a t  th e  
u se  o f  c o t to n  seed  m eal im proved th e  te x tu r e  and th e  burn  ab o u t
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Sand C u ltu re  E x p erim en ts .
F o r th e  pu rpose  o f  s tu d y in g  th e  e f f e c t  o f  v a r io u s  m o le c u la r  
and iondp r a t i o s ,  sand c u l tu r e s  were em ployed, u s in g  s o lu t io n s  
o f  Type I  and a s u b - s t r a t a  o f pure q u a r tz  san d . The ty p e  o f  
to b acco  u sed  was a ls o  M aryland Broad L eaf th e  same a s  t h a t  f o r  
th e  f i e l d  ex p e rim en ts . Sand c u l tu r e s  a re  p r e f e r r e d  o v er s o lu t io n  
c u l tu r e s  a s  M cCall (21) h a s  found t h a t  th e  av erag e  d ry  w e ig h ts  
o f bo th  to p s  and ro o ts  o f w in te r  w heat s e e d lin g s  were d e c id e d ly  
g r e a t e r  f o r  th e  p la n ts  grown in  sand th a n  f o r  th o se  grown in  
th e  s o lu t io n s .
Method of E x p e rim en ta tio n  -  SEBMIflAO! 105 -  In  o rd e r  to  
e l im in a te  a s  many h e te ro g en eo u s f a c to r s  a s  p o s s ib le  in  th e  way 
o f p la n t  food  a b s o rp tio n  th e  to b acco  s to c k  was grown in  q u a r tz  
sand w ith  S h iv e ’ s s o lu t io n  PgC2  (25) in s te a d  o f in  s o i l .  Owing 
to  th e  sm a ll s iz e  o f th e  to b acco  seed  and th e  slow grow th o f th e  
to b acco  s e e d l in g s ,  c o n s id e ra b le  d i f f i c u l t y  was en co u n te red  in  
th e  r a i s i n g  of a  h e a lth y  s to c k  on pure sand f o r  t r a n s p la n t in g .  
P re lim in a ry  t e s t s  in d ic a te d  t h a t  g e rm in a tio n  on sand was b e t t e r  
th a n  on m osquito  n e t  s in c e  th e  h o le s  in  th e  n e t  must be sm all 
enough to  c a tc h  th e  seed  and la r g e  enough n o t to  be c logged  
when d ip p ed  in  p a r a f in e .  For m o is ten in g  th e  sand ta p  w a te r  was 
found  to  be b e t t e r  th an  d i s t i l l e d  w a te r . However, a  n u t r i e n t  
s o lu t io n  B5 C2  (25 ) gave th e  b e s t  r e s u l t  s in c e  th e  seed s of 
to b acco  a re  sm a ll and th e  re s e rv e  p la n t  food i s  s c a n ty .
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H aving s e le c te d  th e  p ro p e r  m a te r ia l s  w ith  w hich to  work, th e  
q u e s t io n  a ro s e , a s  to  th e  method to  he fo llo w ed  f o r  fe e d in g  and  
f o r  ch eck in g  ra p id  e v a p o ra tio n . To in s u re  an  e q u i ta b le  d i s t r i ­
b u tio n  o f  th e  s o lu t io n  s e v e r a l  were s e t  a round  th e  c ro ck  so t h a t  
th e  d is ta n c e  betw een any two tu b e s  was n o t more th a n  th r e e  
inches*  E qual am ounts o f s o lu t io n  b e in g  added th ro u g h  each tu b e
w henever new s o lu t io n  was in tro d u c e d .
Rapid e v a p o ra tio n  and su c c e s s iv e  a d d i t io n s  o f  n u t r i e n t  
r e s u l t e d  in to  a h a rd  c r u s t  on to p  of th e  sand much l i k e  t h a t  
form ed on an  a l k a l i  s o i l ,  T h is  d i f f i c u l t y  was avo ided  by s e a l ­
in g  th e  c ro ck  w ith  a was ( 3 )  b e fo re  se e d in g  sm all h o le s  b e in g  
c u t th ro u g h  th e  wax by means o f a  co rk  b o re r , a t  eq u a l i n t e r v a l s  
a l l  o v er th e  s u r fa c e  o f  th e  san d , The seed was f i r s t  mixed 
w ith  ab o u t 50 tim es a s  much p u re  sand and a  gram o r so o f  th e  
m ix tu re  w hich sh o u ld  c a r ry  abou t 5 seeds i s  poured  in to  each  
h o le .  The s o lu t io n  was in tro d u c e d  and renewed in  th e  same way 
a s  f o r  th e  r e g u la r  c ro ck s .
P re p a r a t io n  o f C rocks. -  In to  each o n e -g a llo n  g la z e d  e a r th ­
enware c ro ck  was poured  4000 grams o f a i r - d r y  q u a r tz  sand which 
had been p re v io u s ly  washed w ith  ta p  and d i s t i l l e d  w a te r . A 
g la s s  fe e d in g  tu b e , ap p ro x im a te ly  1  cm. in  b o re , was p la c e d  
c lo s e  to  th e  in s id e  o f th e  c ro ck  a t  one s id e , and a  s u c tio n  
tu b e , e s s e n t i a l l y  a  g la s s  tu b e  hav in g  a 5 mm. b o re , was p la c e d  
c lo s e  to  th e  in s id e  a t  th e  o p p o s ite  s id e .  The low er end o f th e
a u c t io n  tu b e  reach ed  down to  th e  bottom  o f  th e  c ro ck  and c a r r ie d
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a t u f t  o f  g la s s  wool cau g h t by a  narrow  neck to  p re v e n t 
th e  sand  from  coming up when s u c t io n  was a p p l ie d .  The 
w e ig h t o f  th e  a rran g em en t ( in c lu d in g  th e  c ro c k , th e  sand 
and th e  tu b e s )  i s  o b ta in e d , and j u s t  f o r  conven ience we 
d e s ig n a te  t h i s  a s  "w eigh t I " .  Enough o f  a c e r t a in  
n u t r i e n t  s o lu t io n ,  co rre sp o n d in g  to  w hat th e  crock  
sh o u ld  r e c e iv e  d u r in g  th e  co u rse  o f  th e  experim en t i s  
added to  f lo o d  th e  sand . A f te r  h av in g  s a tu r a te d  th e  
san d , th e  ex cess  i s  sucked o u t th ro u g h  th e  g la s s  tu b e , 
t h i s  m a n ip u la tio n  s e rv in g  to  s e t  th e  tu b es  in to  a 
perm anen t p o s i t io n  and a t  th e  same tim e f irm in g  and 
sm oothing th e  s u r fa c e  o f  th e  san d . The w eig h t o f  
t h i s  system  was o b ta in e d , w hich  we w i l l  c a l l  1!w eig h t I I 11. 
The c ro ck s a r e  th e n  s e a le d  w ith  a wax s e a l  s im i la r  to  
t h a t  u se d  by B riggs and Shantz ( 3 ) .  A h o le  was then  
b o red  th ro u g h  a t  th e  c e n tre  o f  th e  s e a l  w ith  a T | cm. 
co rk  b o r e r ,  to  th e  d ep th  o f  a p p ro x im a te ly  3 c e n t i ­
m e te r s .  The p la n ts  were p u l le d  o u t o f  th e  bed a f t e r  
h av in g  f lo o d e d  th e  bed  w ith  enough w a te r  to  lo o se n  
th e  r o o ts  from  th e  san d . The r o o ts  a r e  th en  washed 
and lo o s e ly  suspended  in  th e  h o le ,  w h ile  d ry  q u a r tz  
sand  i s  in tro d u c e d  in to  th e  h o le  th ro u g h  a fu n n e l 
u n t i l  th e  l a t t e r  i s  f i l l e d .  By th i s  means 
th e  ro o t  was l e a s t  d is tu rb e d  and th e  danger o f  i n ju r y  
to  th e  p la n t  by th e  h o t p a r a f f i n  wax was av o id e d .
£9
F ig . I .
Arrangem ent o f Crook.
A -Q uartz sand .
B -S u c tio n  tu b e . 
C -Feeding tu b e .
B -G Iass w ool.
E -P la n t .
F-Wax s e a l .
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The w e ig h t o f t h i s  f i n a l  a rran g em en t i s  o b ta in e d  w hich we w i l l  
o a l l  w e ig h t i l l .
I f  from  w eigh t i l l  we s u b t r a c t  w eig h t l l f we o b ta in  th e  
a d d i t io n  o f  w eig h t due to  p a r a f in  and o th e r  m inor a d d i t io n s .
Add to  w eigh t I ,  th e  grams o f w a te r  n e c e s s a ry  to  g iv e  a m o is tu re  
c o n te n t o f  16% and we g e t  th e  f i n a l  w eigh t o f  th e  c ro c k s . A 
s u f f i c i e n t  amount o f  s o lu t io n  i s  th e n  removed o r added as  may 
be r e q u ir e d  to  b r in g  th e  system  to  th e  f i n a l  w e ig h t. F ig u re  
I  shows a d ia g ra m a tic  c ro s s  s e c t io n  o f  th e  c ro c k s .
Renewing o f S o lu tio n s#
The m ethod o f renew ing s o lu t io n s  d i f f e r e d  somewhat from  t h a t  
-o f  M cCall (21)* bu t fo llo w ed  c lo s e ly  to  t h a t  o f Jo h n sto n  (1 2 ) . 
Whenever th e  s o lu t io n s  were renewed each c o n ta in e r  w ith  i t s  
p l a n t s  was w eighed and enough d i s t i l l e d  w a te r  was added to  b r in g  
i t s  t o t a l  w eigh t back to  i t s  o r ig in a l  w e ig h t. Enough s o lu t io n  
( 3 0 0 c .c .)  was th e n  added to  f lo o d  th e  sand by s ip h o n in g  over 
from  E rlenm yer f l a s k .  A f te r  a  few m inu tes th e  ex c ess  s o lu t io n  
was w ithdraw n th ro u g h  th e  sm all s u c t io n  tu b e  and th e  c u l tu re  
a g a in  b rough t back to  i t s  o r ig in a l  w e ig h t. S o lu tio n  was renewed 
ev e ry  3i  days.
The arran g em en t o f th e  s ip h o n in g  a p p a ra tu s  i s  shown in  
F ig u re  I I .
S o lu tio n s  S tu d ie d .
I t  i s  a  common o b s e rv a tio n  t h a t  p la n t  in d iv id u a ls  v a ry
C
F ig . I I .
Arrangement of Feeding Apparatus. 
A-Quartz sand.






a lth o u g h  th e  seed s  may have o r ig in a te d  from  th e  same m other 
p la n t  and th e  p la n t s  may have re c e iv e d  eq u a l t r e a tm e n ts .  For 
t h i s  re a so n  s i x  d u p l ic a te s  were used  f o r  eaoh c u l tu r e .  Owing 
to  t h i s  f a c t ,  tim e  was n o t a v a i la b le  to  co v er a l l  th e  s o lu ­
t i o n s  o f  Type I .  R ep o rts  o f v a r io u s  a u th o rs  have shown th a t  
w herever n i t r a t e  i s  low # growth i s  p oo r, th e r e f o r e  s e v e ra l  
s o lu t io n s  w hich had low p ro p o r t io n s  of ca lc iu m  n i t r a t e  were 
o m itte d . T ab le s  VI and V II g iv e  th e  s o lu t io n s  s tu d ie d .
P r e s e n ta t io n  o f  R e s u lts .
Y ie ld  -  ( S e r ie s  I )  The t r a n s p la n t in g  f o r  th e  f i r s t  s e r i e s  
was made A p r i l  26, 1924. The p la n ts  o f  t h i s  s e r i e s  were grown 
f o r  6 £  weeks when th e  p la n t s  were cu t b e fo re  m a tu r i ty  on accoun t 
o f th e  ap p earan ce  o f a  d is e a s e  which w i l l  be d is c u s se d  l a t e r .
Dry w e ig h t o f  p la n t  was o b ta in e d  by d e s ic a t in g  th e  a i r - c u r e d  
to b acco  o ver s u lp h u r ic  a c id  f o r  a  week. The method f o r  o b ta in in g  
th e  o th e r  w e ig h ts  fo llo w ed  p r e c i s e ly  th e  d i r e c t io n s  g iv en  by 
McCall ( 1 5 ) .  T able  V III  g iv e s  the  dry  w eig h ts  o f  to p s , r o o ts  
and e n t i r e  p l a n t .
( S e r ie s  I I )  T ra n s p la n tin g  on th e  second s e r i e s  was made 
December 9, 1924. The p la n t s  o f t h i s  s e r i e s  were grown f o r  10 
weeks when th e  p la n ts  were c u t b e fo re  m a tu r i ty  on acco u n t o f 
th e  ap p ea ran ce  o f a d is e a s e  s im i la r  to  t h a t  which developed  in  
S e r ie s  I .  The m ethods o f  o b ta in in g  th e  d i f f e r e n t  w e ig h ts  were 
th e  same a s  th o se  f o r  S e r id s  I .  The w e ig h ts  a re  reco rd ed  in  
T ab le  IX.
T ab le  V I.
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KHpP0 4 C*(N03)2' Mg®V>4 KEB20a Ca(E0 3 )a M«S0 a
I «2S3 2 Z 4 .0049 .0049 •0099
I I H2S3 z 3 3 .0047 .0071 .0071
I I I r2S4 z 4 2 .0045 .0090 .0045
IV E3S1 3 1 4 .0076 .0025 . 0 1 0 ft
V E3SB 3 a 3 .0072 ..0 0 4 8 .0072
T able Te
M o lecu la r p r o p e r t i e s  o f  th e  S o lu tio n s  Employed i n  S e r ie s  I I •
Lab : S o lu t io n  : M olecu la r p ro p o r t io n s
Ho*: No* : KH2PO4. Ca(N03)g .
I R lS i 1 1 6
2 ®lS^ 1 6 1
3 R2 S4 2 4 2
4 EgS4 3 4 1
5 S4S5 4 3 1
6 RgSg 5 2 1
7 R5°a 4 1 3
sPartial Volume ■» Molecular coneentrations 
; g y 0 4  : Ca(yo3 )2 . HgSQ4
#0027 #0027 •0161
# 0 0 2 0 # 0 1 2 2 * 0 0 2 0
*0045 *0090 *0045
.0065 *0086 • 0 0 2 1
#0090 *0068 * 0 0 2 2
*0118 *0047 •0023
•0180 *0052 •0150
TABLE V III .
Green w e ig h t o f  P la n t s ,  Dry w e ig h t o f  Tops,
j . . . . . .  .
o f  R o o ts , and o f  E n t i r e  P la n t .
( S e r ie s  I . )
Dry w t. Dry w t. T o ta l d ry
o f  to p s  o f  r o o ts  w t. o f  p la n ts
Gms. Gits. Gms. Gms.I”I . 60 4 .005 1 .249 5 .254
2 50 5.817 l o s t 5.817
3 55 5.072 0 .969 6.041
4 70 6 .048 0 .985 7 .033
5 80 6.501 0 .679 7 .180
6 75 5.725 1.133 6 .858
T o ta l 390 33.168 5 .015 58.183
A verage 65 5 .528 1 .003 6 .531
I I .  1 85 7 .526 1 .331 8.857
2 75 5.610 0 .690 6 .300
3 85 6.625 1 .178 7 .803
4 l o s t
5 60 6 .940 1 .215 8 .155
6 54 2.980 0 .346 3 .326
T o ta l 359 29.681 4.760 34.441
Crock Green
Ho. w t.  o f
p la n t s
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TABLE VIII ( C ontinued.)
Crock N Green Dry w t. Dry w t. T o ta l d ry
No. w t. o f  o f  to p s  o f  r o o ts  w t. o f
p la n t s  p la n ts
A verage 69 .7 5 .936 0 .952 6 .888
I I I . l 83 6 .304 0 .871 7 .175
2 104 8 .525 1 .278 9.803
3 105 7 .993 1 .394 9 .387
4 100 10.016 1 .783 11.799
5 80 6 .993 0 .876 7 .869
6 50 3.038 0 .514 3.552
T o ta l 522 42.869 6 .716 49.585
A verage 87 7 .145 1.119 8 .264
IV . 1 59 5 .672 0 .895 6 .567
2 46 5 .243 0 .996 6.239
3 55 4 .351 0 .924 5.275
4 40 4 .985 0 .884 5.869
5 45 3 .970 0 .952 4 .922
6 50 3 .751 0 .873 4 .624
T o ta l 295 27.972 5 .524 33.496
A verage 49 4 .662 0 .920 5.582
V. 1 75 6 .970 1.217 8 .187
2 30 3 .805 0.767 4 .572
3 85 7.757 1 ,125 8 .882
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w t. o f  
p la n ts
Dry w t. 
o f  to p s
Dry w t. 
o f  ro o ts
T o ta l d ry  
w t . o f  
p la n ts
4 80 6 .673 1.032 7 .705
5 70 6.086 1 .043 7 .129
6 70 5 .373 0 .570 5.943
T o ta l 410 36.664 5 .754 42.418
A verage 70 6.111 0 .959 7.069
TABLE XX. 38
Green W eight o f  P la n t s ,  Dry W eight o f  Tops, Dry 
W eight o f  R o o ts , and o f  E n t i r e  P la n t .
(S er iesII)
Crook No. Green W t. o f  Dry Wt. o f  Dry Wt. o f  T o ta l Dry W t. o f
Tops Tops Roots P la n ts
Grms Grms Grms Grms
I .  1 19 1 .452 0 .57 2 . 0 2 2
2 13 1.448 0 .29 1.738
3 38 3.125 0 .8 9 4 .015
4 37 3 .076 0 .9 8 4 .056
5 30 2.265 0 .3 1 2.575
6 2 1 2.097 0 .9 3 3.027
t o t a l 158 13.463 4 . 17.433
Average 26 .33 2 .244 0 . 6 6 6 2.910
I I .  1 65 6.372 1 .4 7 7.842
2 70 8 .782 2 .03 10.812
3 50 4.825 0 .87 5.695
4 6 6 6.713 1 .37 8 .083
5 33 3.250 0 .6 5 3.900
6 62 4.507 1 .36 5.867
T o ta l 346 34.449 7 .7 6 42.209
A verage 57.67 5.741 1 .29 7 .033
I I I . l 49 3 .400 1 .07 4 .470
2 31 3.208 0 .8 0 4.008
3 71 7 .343 1 .69 9 .033
4 71 7 .240 1 .82 9 .06
5 57 5.337 1 .47 6.807
u o n tm u e a ,
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Groove “S o T  G re e n Wt. of Dry Wt". of Dry, Wt. of Total Dry Wt.
Tops Tops Roots of Plants
Grms Grms Grms Grms Grms
6 69 6 .593 1 .5 1 8 .103
T o ta l 348 33.121 8 .36 41.481
A verage 58 5.521 1 .3 9 6 .914
IV . 1 54 3 .295 1 . 2 2 4 .515
2 26 3 .515 0 .8 5 4 .365
3 81 5.674 2 .2 8 7 .954
4 69 6.598 2 .4 4 9.038
5 30 4 .305 0 .5 6 4 .865
6 69 6.413 1 .3 0 7 .713
T o ta l 329 29.800 8 .6 5 38.450
Average 54 .83 4.967 1 .4 4 6.409
V. 1 47 4.889 1 .37 6.259
2 -  -  - -------- ------ -  -  _ L ost
3 41 4.473 1 .4 3 5.903
4 38 3.994 1 .2 8 5 .274
5 26 2.626 0 .2 9 2 .916
6 53 5.353 1 .29 6.643
T o ta l 205 21.335 5 .66 26.995
Average 41 .25 4 .267 1 .13 5.399
V I. 1 . 37 3 .487 0 .970 4.467
2 2 1 3.452 0 .800 4.252
3 38 3 .592 .1 .1 3 0 3.722
4 43 4.650 1.550 6 . 2 0 0
5 96 6.215 1 .420 7 .635
6 40 3 .850 1 .090 4 .940
Continued .  40
Grms Grms Grms Grms
T o ta l 275 25.246 6.96 32.206
Average 45 .83 4.208 1 .16 5 .368
V II. 1 30 2 .383 1.010 3.393
2 32 3.518 .940 4 .458
3 31 3.112 1 .600 4.712
4 33 3.855 1 .510 5.365
5 38 3.958 1.190 5.148
6 10 1 .442 0 .430 1.872
T otal 174 18.268 6.680 24.948
Average 29 .00 3 .045 1 .113 4.158
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Chem ical C om position  and P h y s ic a l P ro p e r tie s -T h e  same 
m ethods u sed  f o r  a fc a ly s is  o f  sam ples from th e  f i e l d  p lo t s  
w ere u sed  f o r  a n a ly s i s  o f sam ples from  sand c u l tu r e s ,  
ex cep t t h a t  th e  whole p la n t  in s te a d  o f  th e  le a v e s  on ly  
was u se d . S l ig h t  m o d if ic a t io n s  in  th e  w eig h t o f sam ples 
ans s t r e n g th  o f  r e a g e n ts  had to  be made as  th e  t o t a l  
W eight o f  sam ples was sm a ll . T able X II g iv e s  th e  n ic o t in e  
and c h lo r in e  c o n te n ts  and th e  ash  o f p l a n t s .
T ab le  X II . The U io o tin e  and C h lo rin e  C o n ten ts  
and th e  T o ta l Ash o f P la n ts .
S e r ie s  I .
Lab.
So.
P e rc e n ta g e  o 
o f M c o tin e  
o f  P la n ts
P e rcen tag e  
o f Asfct 
o f  P la n ts
Of
C olo r o f Ash C h a ra c te r  oj
I . 0 .695 22.84 W hitish  g ray FLaky, f irm
I I . 0 .849 2 2 . 8 6 Gray TT 11
I I I . 0 .957 19.70 White Loose
IV. 0 .663 24.00 Gray Firm
V. 0 .992 21.36 White Loose
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f a b le  X II (C on tinued) 
S e r ie s  II*
I . 0 .687 19.64 Gray F la k y , f irm
I I . 0*943 20.98 W hite Loose
I I I . 0 .710 17.10 it it
IV* 1,040 19,48 if M
V. 0 .755 21.54 Gray F lak y , lo o s e
VI. 0 .6 7 3 21 ,54 l i g h t  Gray « ?!
VII* 0 .455 21.82 Gray F lak y , f irm
4 3
OTSOUSSIOJf
A pparen t C o n d itio n  o f  P la n t s .  -  The g e n e ra l  a p p a re n t 
c o n d i t io n  o f  p la n t s  were q u i te  s im i la r  to  th o se  observed  in  th e  
f ie ld *  The e f f e c t  o f  ca lc iu m  n i t r a t e  was q u i te  pronounced .
Where th e  p ro p o r t io n  o f  t h i s  s a l t  was h ig h , th e  c o lo r  o f  th e  
l e a f  was d a rk  g re e n  and u s u a l ly  la c k in g  in  sm oothness. ( P la te  I )  
low c o n c e n tr a t io n s  o f  ca lc iu m  n i t r a t e  r e s u l t e d  in  sm all p la n ts  
w ith  smooth and p a le  c o lo re d  le a v e s .  V a r ia t io n  in  th e  p o ta sh  
su p p ly  f a i l e d  to  show any a p p a re n t e f f e c t  on th e  le a v e s .  "P o ta sh -  
hu n g er"  a  common o b s e rv a tio n  in  th e  f i e l d  was n o t p roduced even 
w ith  c u l tu r e  B^Sg w hieh had th e  lo w e s t c o n c e n tr a t io n  o f KHgPO^. 
High c o n c e n tr a t io n  o f  MgSO  ̂ d id  n o t show any in ju r y ,  bu t w ith  low 
c o n c e n tr a t io n s  th e  lo w er le a v e s  showed a c h a r a c t e r i s t i c  b le a c h ­
in g  e s p e c i a l ly  a t  th e  t i p  and n e a r  th e  m arg in , s u g g e s tin g  
symptoms o f so c a l l e d  "sand-drow n". The fo llo w in g  i s  a d e t a i l e d  
ac co u n t o f th e  b le a c h in g . ( P la te  I I ) .
I .  B leach in g  o f le a v e s  -  B leach in g  of t i s s u e  betw een th e  
v e in s  a t  th e  t i p  and n e a r  th e  m arg in  of lo w er le a v e s  was observed  
in  a l l  s ix  d u p l ic a te  p la n ts  o f  c u l tu r e  B^Sg. T h is  was n o t 
o b se rv ed  in  any o f th e  o th e r  p la n t s  o f  th e  o th e r  c u l tu r e s .  The 
same c o n d i t io n  was rep$a$lueed in  s o lu t io n  c u l tu r e s  w ith  B^Sg.
Tottingham (27 ) has reported the bleaching of tissue between 
vein|r of wheat leaves as occurring in regions of the triangle 
where the proportion of ZNOg was high and also where the pro­
portion of MgS0 4 was low.
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P la te  I I  C h a r a c te r i s t i c  A ppearance o f fobaeeo  P la n ts  Grown 
in  Sand C u ltu re  S o lu t io n s .  -  P la n t  A has s p o tte d  le a v e s  e s p e c i a l ly  
a t  th e  m arg in , w h ile  th e  c o lo r  o f th e  le a v e s  o f B i s  r a th e r  u n ifo rm .
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G arner ( 7 ) r e p o r t s  t h a t  a  d is e a s e  o f  to h aceo  h av in g  th e
same symptoms a s  t h a t  commonly c a l le d  "sand-drow n” , was found
to  he due to  th e  la c k  of magnesium* A p p lic a tio n s  o f magnesium
s a l t s  and d o lo m itic  lim e p re v e n te d  th e  app earan ce  o f th e
d is e a s e .  He th in k s  t h a t  th e  q u a n t i ty  o f m agnesia r e q u ir e d  to
♦
p re v e n t t h i s  "sand-drow n11 i s  sm a ll, p ro b a b ly  l e s s  th a n  20 pounds 
p e r  a c r e .
Of a l l  th e  s o lu t io n s  s tu d ie d ,  c u l tu r e  h as  th e  lo w est
p ro p o r t io n  o f magnesium s u lp h a te , th e r e f o r e  t h i s  b le a c h in g  
s im i la r  to  "sand-drow n” may be a t t r i b u t e d  to  th e  la c k  o f m agnesia . 
However, th e  above r e s u l t  r a i s e s  a q u e s tio n  a s  to  th e  amount 
o f  m agnesia  r e q u ir e d  to  p re v e n t "sand-drow n”. C a lc u la te d  on 
th e  b a s i s  o f  two m i l l io n  pounds o f  s u r fa e e  s o i l  p e r  a c re  and 
assum ing t h a t  th e  m o is tu re  c o n te n t i s  16$, 20 pounds o f  m agnesia 
would g iv e  a  c o n c e n tr a t io n  in  th e  s o i l  s o lu t io n  of S I . 25 p a r t s  
p e r  m i l l io n ,  w h ile  c u l tu r e  has a  c o n c e n tr a t io n  o f m agnesia
a l i t t l e  more th a n  4500 p a r t s  p e r  m i l l io n ,  o r  155 tim es  as  h ig h  
a s  t h a t  in d ic a te d  by G am er, She t o t a l  magnesium supp ly  o f  a 
norm al p ro d u c tiv e  s o i l  i s  ab o u t 45 ,000  pounds to  th e  a c re , bu t 
th e  amount a v a i la b le  f o r  p la n ts  a t  any p e r io d  p ro b ab ly  i s  much 
l e s s  th a n  4500 p a r t s  p e r  m i l l io n .  She above r e s u l t s  to g e th e r  
w ith  N o ttin g h am 's  o b s e rv a tio n s , would in d ic a te  t h a t  th e  p ro ­
p o r t io n  o f th e  o th e r  n u t r i e n t s ,  e s p e c ia l ly  n i t r a t e s ,  may p la y  an 
im p o rta n t p a r t  in  th e  p ro d u c tio n  o f "sand-drow n" fo rm e rly
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a s s o c ia te d  w ith  magnesium d e f ic ie n c y .
A Method f o r  R eproducing "Sand-Brown".
In  an  e a r l i e r  ex p e rim en t, e f f o r t  was made to  rep o rd n ee  
"sand-drow n* in  p o t c u l tu r e s  w ith  s o i l  o b ta in e d  from th e  f i e l d  
w here th e  d is e a s e  ap p ea red  d u rin g  th e  p re v io u s  seaso n . G arner 
r e p o r t s  a  new method f o r  p ro d u c in g  "sand-drow n" u nder a r t i f i c i a l  
c o n d i t io n s  by le a c h in g  th e  s o i l  w ith  n u t r i e n t  s o lu t io n s  la c k in g  
in  m agnesium. S ince t h i s  method can be u sed  on ly  u nder c o n d i-  
t io n s  o f  h ig h  m o is tu re  c o n te n t o f  th e  s o i l  and h ig h  c o n c e n tra ­
t io n s  o f  o th e r  s a l t s ,  p ro d u c in g  "sand-drow n" in  sand c u l tu r e s  
w ith  c u l tu r e  s o lu t io n  i s  su g g e s ted  a s  a  p ro m isin g  method
when s tu d ie s  o f  "sand-drow n" a re  d e s ire d .  With sand c u l tu r e s ,  
th e  m o is tu re  c o n te n t ,  th e  osm otic  c o n c e n tr a t io n  o f th e  s o lu t io n  
a s  w e ll a s  th e  p ro p o r t io n  o f  n u t r i e n t s  can  be c o n t r o l l e d .  When 
c u l tu r e  % Sg i s  u sed , how ever, th e re  i s  one o b je c t io n  and t h a t  
i s  th e  b la c k e n in g  o f le a f - s te m s  and th e  d e a th  o f  buds which 
r e s u l t  in  th e  d is f ig u r in g  o f th e  p la n t  as  a  w hole.
A pronounced in ju r y  o f  t h i s  type  was observed  in  a l l  c u l tu r e s  
s tu d ie d .  A f te r  th e  p la n t  h as  grown to  a c e r t a in  s iz e ,  a b la ck  
sp o t i s  f i r s t  observed  a t  th e  p o in t  where th e  yound l e a f  i s  
em erging from  th e  bud. f h i s  sp o t w i l l  grow a lo n g  th e  v e in s  
u n t i l  th e  whole l e a f  i s  darkened  and g iv e s  th e  appearance  of 
b e in g  d r ie d  o u t. $he d a rk en in g  was n o t l im i te d  to  th e  s in g le  
l e a f  b u t a t ta c k e d  th e  n e x t th e  bud and a ls o  th e  low er le a v e s .
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The tim e o f  th e  f i r s t  app earan ce  o f  th e  b la c k  sp o t cou ld  
he c o r r e l a t e d  ro u g h ly  w ith  two f a c t o r s ,  (1 ) th e  amount o f  ca lc iu m  
n i t r a t e  s u p p lie d  and (Z) th e  r a t e  o f  t r a n s p i r a t i o n .  The l a t t e r  
may he th e  consequence o f  th e  fo rm er s in c e  an  in c re a s e  in  th e  
su p p ly  o f ca lc iu m  n i t r a t e  p roduces a  f a s t e r  grow th r a t e  w hich 
i s  accom panied hy an in c re a s e  i n  th e  t r a n s p i r a t i o n  r a t e .  With 
c u l tu r e s  w hich have low er p ro p o r t io n s  o f ca lc iu m  n i t r a t e  th e  
d is e a s e  a p p e a rs  h u t a t  a  l a t e r  d a te .  Table X shows th e  number 
o f  days a f t e r  t r a n s p la n t in g  when th e  b la ck  s p o ts  ap p eared  and 
th e  q u a n t i ty  o f w a te r  t r a n s p i r e d  b e fo re  th e  ap p earan ce  o f th e  
d i s e a s e .
S o il  a n a ly s e s  have shown t h a t  th e  c o n c e n tr a t io n  o f any 
p la n t  fo o d  e lem en ts  p r e s e n t  in  th e  s o i l  i s  n e v e r  a t  a  s t a t e  
o f  e q u i l ib r iu m , b u t f l u c tu a t e s  from seaso n  to  se aso n . ( 3 1 )
(11) v S tu d ie s  o f Burd ( 4 )  on a b s o rp tio n  o f p la n t  food e lem en ts  
by b a r le y  a t  s u c c e s s iv e  s t a t e s  o f grow th have shown th a t  i t  i s  
p ro g re s s iv e  d u r in g  th e  grow ing s ta g e s ,  bu t a  sudden drop o ccu rs  
a t  m a tu r i ty ,  w ith  a  p r a c t i c a l l y  com plete c e s s a t io n  a t  th e  
tim e o f  r ip e n in g .  T his h as  le d  him to  p o in t  out t h a t  such 
f lu c tu a t io n s  in  th e  r a t e  o f  a b s o rp t io n  m ight be r e f l e c t e d  in  
th e  n u t r i t i o n a l  p e c u l i a r i t i e s  o f  th e  c ro p  grown in  sand and w a te r  
c u l tu r e s .
I f  q u a n t i ty  o f t r a n s p i r a t i o n  be used  a s  an in d ic e s  
o f  s ta g e s  o f  grow th , we may conclude t h a t  when th e  to b acco  p la n t  
comes to  a s ta g e  o f  grow th when t r a n s p i r a t i o n  re a c h e s  abou t
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P la te  I I I .
P la te  I I I  shows th e  su c c e s s iv e  s ta g e s  of bud 
in f u ry .  P la n t  A shows a  norm al bud. P la n t  
B shows th e  bud in ju r e d  and had stopped  to  
d e v e lo p . P la n t  G shows th e  bud e n t i r e ly  d r ie d  o u t 
and th e  le a v e s  a re  bad ly  w rin k le d  n e a r  th e  b a s a l 
stem .




The number o f  days a f t e r  t r a n s p la n t in g  when in ju r y  f i r s t  
a p p e a re d , th e  t o t a l  t r a n s p i r a t i o n  o f  p la n ts  b e fo re  th e  f i r s t  
i n d ic a t io n  o f  i n ju r y ,  and th e  t o t a l  t r a n s p i r a t i o n  o f  p la n t s  
a t  th e  tim e o f  c u t t in g *  (D ata from S e r ie s  I I # )
Lab* No. o f  days a f t e r  C.C* o f EnO t r a n s -  C.C. o f  HoO t r a n s 1
No. t r a n s p la n t in g  p i r e d  b e fo re  th e  p i r e d  a t  vhe tim e
when in ju r y  ap p earan ce  o f  o f  c u t t in g ,
ap p ea red  in ju r y
I .  1 53 211 401
■2 F ree 215
3 53 260 565
4 65 983 983
5 F ree 645
6 F ree 671
II#  1 43 780 1549
2 51 840 1720
3 53 475 1035
4 45 693 1848
5 51 642 1097
6 46 558 1723
I I I . l 51 621 1288
2 F ree 580
3 67 800 1350
4 43 495 1965
5 51 585 1190
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6 . 46 652 1500
IV . 1 48 635 1270
2 44 368 713
3 40 701 2275
4 41 612 1691
5 F ree 601
6 53 620 1442
V. 1 F ree 1000
2 ■ --------L ost -  -  •
3 64 1210 1320
4 49 747 1226
5 49 554 794
6 51 640 1106
V I. 1 F ree 665
2 51 757 847
3 51 780 1135
4 53 675 1060
5 F ree 1121
6 64 850 935
V II . 1 64 875 940
2 59 815 920
3 64 830 1010
4 67 750 1105
5 59 801 1306
6 F ree 225
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600 to  800 c . e .  o f  w a te r , i t  i s  p a s s in g  from grow ing s ta g e  to  
m a tu rin g  s ta g e .  At t h i s  s ta g e  o f  grow th , e i t h e r  a  d e c re a se  in  
th e  osm otic  c o n c e n tr a t io n  o r  a change o f p la n t  food p ro p o r t io n  
i s  n e c e s s a ry  to  p roduce s u c c e s s fu l ly  th e  n ex t s ta g e  o f  grow th . 
When t h i s  change i s  no t made p h y s io lo g ic a l  d is tu rb a n c e  o ccu rs  
and Burd s u g g e s ts  t h a t  h ig h  c o n c e n tra t io n  o f s o i l  s o lu t io n  a t  
c e r t a i n  s ta g e s  o f  grow th a re  p ro b ab ly  n o t on ly  u n n ec essa ry  bu t 
may be u n d e s i r a b le .  I f  th e  above i s  c o r r e c t ,  th e n  we may 
conc lude  t h a t  no in d iv id u a l  s o lu t io n  s tu d ie d  in  t h i s  experim ent 
was ad eq u a te  f o r  a l l  s ta g e s  o f  grow th o f tobacco  and th e  su p e r­
i o r i t y  o f  one s o lu t io n  o v er th e  o th e r  can be m easured on ly  
by s p e c i f i c a l l y  d e s ig n a te d  p u rp o ses  such  a s  t h e i r  in f lu e n c e  on 
th e  n ic o t in e  c o n te n t ,  o r  th e  sm oothness of le a v e s .
The same d is e a s e  was l a t e r  reproduced  in  s o lu t io n  c u l tu r e s  
u s in g  BgSg and H is to lo g ic a l  s tu d ie s  o f  c ro s s  s e c t io n s  were made 
o f  s e c t io n s  o f th e  le a f - s te m s  60 m icrons th ic fc  cu t by means of 
a f r e e z in g  m ic ro to n e . The r e s u l t s  o f s e v e ra l  s tu d ie s  a re  
ta b u la te d  in  T able X It
T able X I. Showing th e  Com parative Study o f  th e
T is su e s  o f  a P la n t .
C o n d itio n  o f t i s s u e s Hormal S l ig h t ly
in ju re d
Badly
in ju r e d
S ta rc h  con tend P le n ty Pew g ra in s llone
O x ala te  c r y s t a l - f i l l -
ed c e l l s Pew More Much more
E a s i ly  o x id iz a b le Browned Browned a f t e r  Browned
su b s ta n c e a f t e r  6 min. 3 min. im m edia tely
S ize  o f  d u c ts Large Small S m alle r
C onten t o f  c e l l s  in
g e n e ra l norm al G ranu lar Brown & g ra n u la r
P l a t e I V .
A-*Section o f v a s e u a l r  bund le  showing 
th e  norm al t i s s u e .
B is e c t io n  o f  v a s c u la r  bundle showing th e  
in ju r e d  t i s s u e .  The d u e ts  a r e  s m a lle r  
in d ic a t in g  i n f i l t r a t i o n .  She a d ja c e n t  
c e l l s  a re  f i l l e d  w ith  brow nish  g ra n u le s  
and much d i s t o r t e d .




Explanation of methods employed.
(a )  S ta rc h  t e s t  was made by s ta in in g  th e  s e c t io n s  w ith  
io d in e  s o lu t io n  and o b se rv in g  th e  com parative  number o f  s t a r c h  
g r a in s  u n d e r th e  m ic ro sco p e .
fb ) O x a la te  c r y s t a l - f i l l e d  c e l l s  were counted  u n d er th e  
m icroscope a f t e r  w hich th e  c r y s t a l s  were d is s o lv e d  ou t by th e  
a d d i t io n  o f a d rop  o f norm al HC1.
(c )  A com parison  o f th e  d i f f e r e n c e  in  th e  e a s i ly  o x id iz a b le  
s u b s ta n c e s  i n  th e  t i s s u e  was made by s l i c i n g  a  norm al t i s s u e ,
a  s l i g h t l y  in ju r e d  t i s s u e  and a  b ad ly  in ju r e d  t i s s u e ,  a t  th e
i
same tim e , and o b se rv in g  th e  tim e ta k e n  f o r  each  t i s s u e  to  show 
a  brown d i s c o lo r a t io n .  The brow ning s t a r t e d  from th e  v e s c u la r  
b u n d le s  and sp rea d  g ra d u a l ly  th ro u g h o u t th e  e n t i r e  t i s s u e .
(d )  The s iz e  o f  d u c ts  and g r a n u la t io n  o f t i s s u e  a re  m ere ly  
a  q u a l i t a t i v e  com parison  a s  view ed u n d er th e  m icroscope.
In  a s tu d y  o f th e  in ju r y  due to  e x c e ss iv e  n i t r o g e n  su pp ly , 
S o ra u e r  (26) r e p o r te d  t h a t  when v e g e ta b le s  were e x c e s s iv e ly  
f e r t i l i z e d ,  e s p e c ia l ly  w ith  sewage, th e r e  was a  p e r c e p t ib le  
in c re a s e  of th e  e a s i ly  o x id iz a b le  su b s tan ce  which tu rn e d  brown 
in  th e  a i r ,  and n o t in f r e q u e n t ly  some o f th e  d u c ts  were f i l l e d  
w ith  an  inky  f l u i d .
The same a u th o r  a ls o  re p o r te d  t h a t  when an  e x c e ss iv e  
ammonium s u lp h a te  was g iv en  to  Begonia Semperhorene, fo u r  days 
a f t e r  f e r t i l i z a t i o n ,  th e  young sh o o ts  became d is c o lo re d  a t  th e
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‘base and began to  drop* Tke p i t h  and th e  h a rk  were found to  
he f i l l e d  w ith  m asses o f  ca lc ium  o x a la te ,  th e  in d iv id u a l  
c r y s t a l s  were n o t a s  sh a rp  a s  th o se  in  h e a l th y  specim ens, hu t 
more rounded l i k e  .tu b e rs#  HO s ta r c h  was p re s e n t  in  th e  d is e a se d  
t i s s u e ,  th e  d u c ts  b e in g  f r e q u e n t ly  f i l l e d  w ith  a brown, g r a n u la r  
c o n te n t ,  and th e  c e l l  w a ll o f  a l l  t i s s u e s  were brown#
S'rom th e  m ic ro sco p ic  s tu d ie s ,  i t  ap p ea rs  t h a t  th e  injury 
i s  t y p i c a l  o f  t h a t  caused  by ex c ess  o f  n itro g e n #  W hether th e  
o th e r  c u l tu r e s  w hich had a p p a re n t ly  i d e n t i c a l  symptoms were 
due to  e x c e ss iv e  n i t r o g e n  was n o t c e r t a in ,  a s  re p ro d u c tio n  o f  
th e  in ju r y  in  s o lu t io n  c u l tu r e s  w ith  th e  o th e r  s o lu t io n s  was 
n o t a ttem p ted#
Y ie ld  -  In  g e n e ra l th e  y ie ld  o f  to p s  and ro o ts  in  sand 
c u l tu r e s  shows a  c lo s e  c o r r e l a t io n  a s  shown by graph  in  f ig u re  
I I I .  HoWdver, th e  r a t i o  o f  to p s  to  ro o ts  i n  th e  two s e r ie s  
shows a c o n s id e ra b le  v a r ia t io n #  fh e  d ry  w eigh t o f  to p s  in  th e  
f i r s t  s e r i e s  i s  ro u g h ly  ab o u t s ix  tim es  t h a t  o f  th e  r o o ts ,  w h ile  
th e  d ry  w eigh t o f  to p s  o f  th e  second s e r ie s  i s  abou t fo u r  tim es 
* t h a t  o f th e  r o o ts .  Very l i t t l e  c o r r e la t io n  between th e  g reen  
w eigh t o f to p s  and d ry  w eig h t o f  to p s  o r d ry  w eigh t o f p la n ts  
cou ld  be made!
S ince th e r e  i s  a  c lo s e  c o r r e l a t io n  between th e  d ry  w eigh t 
o f to p s  and t h a t  o f th e  r o o ts ,  th e  d is c u s s io n s  which fo llo w  w i l l  
t r e a t  th e  t o t a l  d ry  w eigh t a s  a whole in s te a d  o f c o n s id e r in g  th e  




The y ie ld  o f  d ry  m a tte r  fo llo w s  c lo s e ly  th e  supp ly  
o f  O aflO gJg .q  H ig h es t y ie ld  was o b ta in e d  in  s o lu t io n  RiSg 
w hich h as  th e  h ig h e s t  p ro p o r t io n  o f Oa(HOg)g and lo w est 
p r o p o r t io n  o f  MgS0 4 » Lowest y ie ld  was o b ta in e d  in  s o lu t io n  
B iS i w hich h as  th e  lo w es t p ro p o r t io n  o f  CafHOgJa b u t h ig h  
in  MgS04 . S o lu tio n  BgSi h av in g  th e  same p ro p o r t io n  o f 
Ga( 1̂ 0 3 ) 2  a s  t h a t  o f  R3.S1  b u t o u t-y ie ld e d  th e  l a t t e r  because 
in  H3 S1  th e  p r o p o r t io n  o f EH2PO4  comes n e x t to  Ga( 1 1 0 3 )2  as  
an  im p o rta n t f a c t o r  . concerned  in  h ig h  y ie ld s .
I t  h as  been su g g e s ted  t h a t  s o lu t io n  o r sand c u l tu r e  
s tu d ie s  would se rv e  as  in d ic a t iv e  o f s u i t a b le  f e r t l i z e r  
fo rm u las  f o r  f i e l d  e x p e rim e n ts . In  c o n s id e r in g  th e  in d iv id u a l  
s o lu t io n s  s tu d ie d , i t  i s  h a rd  to  s e l e c t  any one s o lu t io n  
w hieh h as a p la n t  food  p ro p o r t io n  b e s t  s u i te d  f o r  to b acco  
based  upon th e  y ie ld  o f  d ry  m a tte r ,  because o f a l l  th e  s o lu ­
t i o n s  s tu d ie d ,  none o f  them was ab le  to  su p p o rt th e  p la n t  
to  m a tu r i ty .  A pronounced in ju r y  w hich checked th e  norm al 
developm ent o f  th e  p la n t  by k i l l i n g  o f f  th e  te rm in a l bud 
o c c u rre d  in  a l l  s o lu t io n s  s tu d ie d .  F u rth erm o re , s o lu t io n  
RlS6 which gave th e  h ig h e s t  y ie ld  showed th e  w o rs t in ­
ju ry  and produced v e ry  c o a rse  le a v e s .
Chem ical C om position and P h y s ic a l P r o p e r t i e s -
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From a n a ly s i s  o f  p l a n t s  r a is e d  in  sand  c u l tu r e s ,  a s  shown 
on JahleXEEWe f in d  th a t  s o lu t io n s  h ig h  in  p ro p o r t io n s  o f  OaflTOgJg 
produced  p la n t s  h av in g  a  h ig h  c o n te n t o f  n ic o t in e ,  how ever, t h i s  
was n o t in  d i r e c t  r a t io *  In c re a s in g  th e  p ro p o r t io n  o f  KHgPO  ̂
a ls o  seemed to  in c re a s e  n ic o t in e  con ten t*
P la n ts  r a i s e d  in  sand c u l tu r e s  where c h lo r id e s  were n o t 
u sed  a s  a  p la n t  food , c o n ta in e d  a  t r a c e  o f  c h lo r in e  n o t enough 
to  p e rm it q u a n t i t iv e  a n a ly s i s .  She t r a c e  o f c h lo r in e  may come 
from  th e  seed  o r have been  in tro d u c e d  a s  an im p u rity  o f th e  
s a l t  s «
S o lu tio n s  h av in g  h ig h  p ro p o r t io n s  of Ca(U0g)g produced 
p la n t s  hav ing  a  low c o n te n t o f  a sh , p o s s e s s in g  a w h ite  c o lo r  and 
e x h ib i t in g  a lo o s e  co n s is ten cy *  A h ig h  ash  c o n te n t seemed to  
be c o r r e la te d  w ith  a h ig h  p ro p o r t io n  o f  MgSO^. T his s a l t  a ls o  
darkened  th e  c o lo r  o f  a sh  and in c re a s e d  i t s  f irm n e ss . The aboiPe 
r e s u l t s  co n firm  th o se  o f P a t te r s o n  (23) and G arner (>fe ) in  t h a t  
a  c e r t a i n  amount o f  calcium  i s  n e c e s s a ry  to  produce a good a s h .
The p h y s ic a l  p r o p e r t i e s  o f  le a v e s  from  sand c u l tu r e s  were 
s im i l a r  to  th e  g e n e ra l  o b se rv a tio n s  o f th o se  o f  th e  le a v e s  
r a i s e d  in  th e  f i e l d  p l o t s .  High p ro p o r t io n  o f  GafHOgJg produced 
th i e h  and d a rk  re d  c o lo re d  le a v e s  o f  a rough t e x tu r e .  A s tu d y  
o f  th e  burn  of th e  le a v e s  re v e a le d  th e  f a c t  th a t  c h lo r in e  was 
n o t th e  on ly  i n h ib i t i o n  f a c t o r  a g a in s t  good b u rn in g  q u a l i ty  
a s  th e s e  sam ples low i n  c h lo r in e  in  g e n e ra l d id  n o t burn  any 
b e t t e r  th a n  o rd in a ry  f i e l d  grown tobacco  w hich u s u a l ly  would 
c o n ta in  ab o u t 0 .2 $  o f c h lo r in e  i n  th e  a sh . A g e n e ra l  r e l a t io n s h ip
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between  th e  p o ta s h  su p p ly  and th e  b u rn in g  q u a l i ty  was observed* 
Whenever th e  su p p ly  o f EHgPO^ was h ig h , th e  b u rn in g  q u a l i ty  was 
good* High p ro p o r t io n  o f  Ca(H0g)g produeed le a v e s  which would 
bu rn  w ith  a  flam e in s te a d  o f h o ld in g  a  glow* G arner ( 8 } has 
r e p o r te d  t h a t  i f  th e  m in e ra l su b s ta n c e s  o f  a  l e a f  were e x t r a c te d  
th e  l e a f  would lo o s e  i t s  glow, b u t would burn  in  flam es a s  th e  
r e s u l t  o f  th e  p re se n c e  o f  c e l lu lo s e ,  o rg an ic  a c id s ,  p e c t in ,  
n ic o t in e  and o th e r  o rg a n ic  n itro g e n o u s  compounds* A la rg e  
su p p ly  o f  n i t r a t e  p ro b ab ly  would in c re a s e  th e  c e l lu lo s e  c o n te n t 
and c e r t a i n l y  would in c re a s e  th e  o rg an ic  n itro g e n o u s  compounds.
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GENERAL CONCLUSION
Y ie ld  B ata
The r e s u l t s  from  a s in g le  se a so n  o f  f i e l d  experim en ts  
shows an  in e re a s e  i n  y ie ld  from  th e  a p p l ic a t io n  o f d o lo m ite  
lim e  h u t n o t from  o a lo i t e  lim e . Where th e  r a t i o  o f  CaO:MgO was 
w ide, th e  y ie ld  was h ig h e r  th an  where i t  was narrow# Four 
d i f f e r e n t  co m b in a tio n s o f in o rg a n ic  f e r t i l i z e r s  gave no marked 
d i f f e r e n c e  in  th e  y ie ld ,  hu t where 50^ o f th e  t o t a l  ammonia 
was supplem ented  hy c o t to n  seed m eal, th e  in c re a s e  in  y ie ld  
was ahou t
In  sand c u l tu r e s ,  i t  was found th a t  th e  y ie ld  o f th e  d ry  
to p s  was c lo s e ly  c o r r e la te d  w ith  th e  y ie ld  o f  d ry  w eight o f  
r o o t s .  High p ro p o r t io n  o f  Ca(N0g)g gave h ig h  y ie ld s  o f d ry  
m a t te r ,  and h ig h  p ro p o r t io n s  o f  MgS0 4  £ave low y*e ld s  ^*7 
m a t te r .  In  c u l tu r e s  r e c e iv in g  th e  same p ro p o r t io n  o f Ca(N0g)g, 
th e  h ig h e r  th e  p ro p o r t io n  o f  KHgPO  ̂ o v er MgSO  ̂ th e  b e t t e r  th e  
y ie ld #  No s in g le  s o lu t io n ,  however, cou ld  be s e le c te d  as p re ­
f e r a b le  f o r  to b acco , which would se rv e  a s  a  gu ide  to  th e  
s e l e c t io n  o f a  fa v o ra b le  f e r t i l i z e r  from ula  f o r  th e  f i e l d  
because o f th e  ap p earan ce  of an in ju r y  in  th e  p la n ts  o f  a l l  
c u l tu r e s .  The c u l tu r e s  which gave h ig h  y ie ld s  n o t on ly  shewed 
prom inen t in ju r y ,  b u t a l s o  produced co a rse  le a v e s  o f poor 
q u a li ty *
The above m entioned in ju r y  seemed to  ap p ear when th e  p la n t
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had a t t a i n e d  a  c e r t a i n  amount o f  g row th . The e x te r n a l  symptoms 
s t a r t e d  w ith  a  b la c k  spo t a t  th e  stem  of a  young l e a f  ju s t  
em erging from  th e  hud, sp rea d  a lo n g  th e  v e in s  n ex t to  th e  hud, 
and f i n a l l y  th e  low er le a v e s .  A natom ical s tu d ie s  o f th e  in ju r e d  
t i s s u e  produced  in  s o lu t io n  c u l tu r e s  u s in g  gave in d ic a t io n s  
o f  in ju r y  t y p i c a l  o f  t h a t  caused hy ex cess  o f  n i t r o g e n .
Symptoms o f  " sa n d ^ d ro ta 11 produced in  sand c u l tu r e s  in  a l l  
s ix  d u p l ic a te  p la n t s  o f  c u l tu r e  %Sg was l a t e r  rep roduced  
in  s o lu t io n  c u l tu r e s  u s in g  th e  same m o le c u la r  p ro p o r tio n s  o f  s a l t s .
N ic o tin e  C onten t
N ic o tin e  c o n te n t o f  tobacco  le a v e s  from th e  f i e l d  p lo t s  
in c re a s e d  where n i t r o g e n  was a p p lie d  in  th e  fozms o f n i t r a t e  
o f  soda and c o tto n  seed  m eal, lim e a p p l ic a t io n s  in c re a s e d  
n ic o t in e  c o n te n t w ith  s l i g h t l y  g r e a te r  in c re a s e  when th e  lim e 
c o n ta in e d  a  r a t i o  o f CaQ:EgQ a s  1 0 :1 . P la n ts  r a is e d  in  sand 
c u l tu r e s  showed th a t  h ig h  p ro p o r tio n s  o f  CafNOg^ produced h ig h  
c o n te n t o f n ic o t in e ,  though n o t in  d i r e c t  r a t i o .  KHgP04 
seemed to  in f lu e n c e  fa v o ra b ly  to o .
C h lo rin e  C on ten t
C h lo rin e  c o n te n t v a r ie d  l a r g e ly  under th e  in f lu e n c e  o f 
f e r t i l i z e r s .  S u b s t i tu t in g  m u ria te  o f  p o ta sh  f o r  s u lp h a te  o f  
p o ta sh , c h lo r in e  c o n te n t in c re a s e d  th r e e  tim e s , lim e a p p l ic a ­
t i o n s  d e c re a se d  c h lo r in e  c o n te n t and in c re a s in g  th e  r a t i o  o f  MgO 
to  CaO d e c re a s in g  th e  c h lo r in e  c o n te n t.  P la n ts  r a is e d  in  sand
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c u l tu r e s  c o n ta in e d  on ly  a  t r a c e  o f  c h lo r in e ,  th e  c h lo r in e  
c o n te n t seldom  was b e in g  o v er 0 .4 $  o f a sh  where no c h lo r id e  was 
a p p l ie d  to  th e  c u l tu re s *
Ash C on ten t
A nalyses o f le a v e s  from  f i e l d  p lo t s  showed th a t  n e i th e r  
th e  lim e n o r th e  f e r t i l i z e r s  had any a p p re c ia b le  e f f e c t  on th e  
p e rc e n ta g e  o f  ash* Where lim e  was n o t a p p l ie d , however, th e  
ash  was g ra y , and where m u ria te  o f  p o ta sh  was a p p l ie d , th e  a sh  
was g re e n is h  o r  bKsmlsh w ith  v e ry  f irm  c o n s is te n c y . S u lp h ate  *9 
s a l t s  a l s o  darkened  th e  c o lo r  o f a sh  and in c re a se d  f irm n e ss  
though to  a l e s s e r  degree*
C olo r and B urning Q u a lit ie s*
Heavy a p p l ic a t io n s  of a v a i la b le  n i t ro g e n  in  th e  form  o f  
n i t r a t e  was found to  produce c o a rse  le a v e s  w ith  d ark  c o lo r  
b o th  in  th e  f i e l d  and in  sand c u ltu re s*  The c o a rse n e s s  o f  th e  
le a v e s  was g e n e ra l ly  a s s o c ia te d  w ith  poor bu rn in g  q u a l i ty .
High c h lo r in e  c o n te n t was found to  be n o t th e  o n ly  f a c t o r  
i n h ib i t i n g  good b u rn in g  q u a l i ty ,  th e  p resen ce  o f  a v a i la b le  
p o ta ss iu m  b e in g  e s s e n t i a l  to  good burn . Where th e  p ro p o r tio n  
o f  CafNOgJg was h ig h  in  sand c u l tu r e s ,  th e  le a v e s  f a i l e d  to  
m a in ta in  a  glow bu t would b u m  .in  flam es* T his b eh a v io r  i s  
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